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Desciiptl n 

This invention relates to an optical fiber cable. M re partlcularlyp th present invention relates to a fianne- 
retardant cable having an excellent flame retardancy and retaining a light-transnnltting property of an optical 
5 fiber. 

An Inoiganic glass optical fiber having an excellent light-transmitting property over a broad wavelength 
range is ioiown and used as the conventional optical fiber, but the inorganic glass optical fiber Is defective In 
that the prooessability is poor and the flexural stress Is weak, in contrast, a plastic opticai fiber has a higher 
pliability than the glass optical fiber, and has a high prooessability. Moreover, improvements in the plastic opt- 
10 ical fiber-preparing technique have made the light-transmitting d stance of the optical fiber long, and thus plas- 
tic optical fibere are now utilized as optical fibers for short-distance and light information-transmitting 
membera for various communications. Namely, the range of application for plastic optical fibere has been ex- 
panded. 

When utilized in various fields, the plastic optical fiber is used in the fomi of a cable or cord fabricated t>y 
IS covering a single-core or multiple-core optical fiber with a protecting covering matertel (jacket material), or an 
optical fiber cable fabricated by combining a optical fiber yarn or an assembly thereof with a tension member 
or the like. 

When a sheet fonrted by many plastic optical fibere joined in parallel is used, the sheet is covered with a 
protecting covering material (jacket material) and combined with a tension member or an electric wire. 
20 Materials heretofore used as the protecting covering material for a pla^ optical fibre are limited to poly- 
vinyl chloride, polyethylene and the like. 

Unlike nonflammable glass f ibera, flammable plastic optical fibres are burnt, or dripping occura when 
these fibers come into contact with a flame. When the conventional covering material is used, it is difficult to 
obtain a cable having an excellent flame retardency from a plastic optical fiber. Moreover, even if a conventional 

29 fiame-retardant material is used as the covering rrraterial, the flame-retardant component migrates into the opt- 
icai fiber with a lapse of time, and thus the transparency of the fiber per se becomes poor. 

EP-A-237440 relates to fiame-retardant resins for covering telecommunication cables which may include 
fibre-optic elements. The covering materials are halogen-free polyolef In based pdymera. 

in EP-A-240675 a flame-retarctent cable construction » described which may include glass optical fibres. 

30 A fiame-retardant coating » provided using a f luorinated polymer. US 45751 84 discusses the problem of loss 
of light transmission of optical fibres when fluorine resins are used to cover them and this reference discloses 
covering resins which are radiation cured oopolymera of ethylene and vinyl acetote. 

This invention has been completed under the above mentioned background, and a prinrary object of the 
present invention is to provide a fiame-retardant cable having an excellent flame retardency and wherein the 
8s fiber performances are not lowered with a lapse of time and dripping does not ooour in the cable even if the 
cable comes into oontect with a flame. 

in accordance with the present invention, there Is provided a fiame-retardant single-oore or multipie-oore 
cable, which comprtees a pla^ic optical fiber and at least one covering material covering the optical l^ber, 
wherein at least one coving material is composed of a chlorinated polyethylene highly f iame-reteidant resin 
4D having an oxygen index (01) of at le^t 32. Suitable examples are chlorinated polyethylene. Preferably the chtor- 
inated polyethylene resin has an oxygen Index (01) of from 40 to 45. 

In acocHdance with another aspect of the present invention, there Is provided a fiame-retardant single-core 
ormdtiple-core cable, as claimed In daim 3. The chlorinated polyethylene resin preferably has an oxygen Index 
(01) of from 40 to 45 and the highly fusible resin is chtorinated polyethylene preferably having an oxygen Index 
45 (01) of from 25 to 36, especially preferably chlorinated pdyetiiytene having an oxygen index (01) of from 27 
to 35. 

The fonowing effect can be attained by the fiame-retardant cable ctf the present Invention. 
(1) Since a highly fiame-retardant resin having a large oxygen Index Is used as the covering material, the 
cable has an exoelient flame retardency. 
so (2) The use of chkHinated polyethylene produces a product in whic^ the resin component does not migrate 
into the interior of the optical fiber even with a lapse of time, and therefore, the performance of the optical 
fiber are not towered. 

(3) When the cabte comes into contact with a flame, dripping does not occur in the cable. 

(4) Because of the mechanical characterstics of chlorinated polyethylene as th covering material, a good 
65 fitting property to a connector is given to th cable. 

(5) When the cable comes into contact with a flame, the exposed optical fiber core Is nveloped In the 
covering matertal of the Inner layer and the fiammabte fiber Is prevented from coming Into direct contact 
with the flame, and therefore, a high flame resistance can be given to th cable. 
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One embodiment of th f lame-retardant ptical fiber cabi 1 of the present invention is lilustiated in Fig. 

1. 

Theflame-retardantsingle-corepiasticopticaifibercabj 1ofth» mbodiment comprises one plastic opt- 
ical fiber 2 and a covering material 3 bonded to this opticai fib r. 

s The optical flberused In the present invention b a plastic optical fiber, and as examples of the plastic optical 
fiber there can be mentioned a step index type muttknode optical fiber comprising a dadding and a core, in 
which the refractive index is changed stepwise, a ^p index type singie-mode optical fiber having a single 
mode. In whteh the refractive index b changed stepwise, and a graded index type midtinmode optical fiber in 
which different modes are transmitted. As the core-constituting material, there can be mentioned a polymethyl 

10 methacrytate resin (PMMA; homopolymere and copolymers of methyl methacrylate are included In the poly- 
methyl methacrylate resin in the instant specification), deuterated PMMA, a polystyrene type polymer, a poly- 
carbonate type polymer, poly-4-methylpentene-l and a silicone type polymer. As the dadding material, a mar 
terial having a refractive index lower than that of the core material, such as a fluorine type polymer, a vinylidene 
fluoride polymer or a perfluoroalkyi methacrylate pdymer, or a methacrylic add ester pdymer. can be used. 

f 5 At least one of the covering materials i^ed In the present Invention Is a chlorinated pdyethylene flame- 
resistant resin having an oxygen index (01) of at least 32. preferably chlorinated polyethylene having an oxygen 
index of from 40 to 45. 

Customarily used additives such as carbon black, other fillers, various relnforcers, flame-retardant agents 
and fire-resisting agents can be added to the covering nrtaterial, so long as the object of this Invention can be 
20 attained. As the flame-retardant agent for example, there can be used tetrabromoethane, chlorinated paraffin, 
chlorinated polyethylene, tetrabromobisphenol A, hexachlorobenzene, perchlorocyclopentadecane, triethyl 
phosphate, tributyl phosphate, triphenyl phosphate, octyldiphenyl phosphate, bis(2,3-dibromopropyl) phos- 
phate, tris(^hloroethy1) phosphate, bls(2.3-dibromopropyl)-2,3-dichioropropyl phosphate. tris(2,3- 
dibromopropyl) phosphate, antimony trioxide. aluminum hydroxide, hexachloroendomethylene-tetrahydroph- 
25 thalicadd, hexachloroendomethylene-tetrahydrophthaiicanhydride, and mbctures of two or more thereof. Of 
these, antimony trioxide and aluminum hydroxide are espedaily preferred. 

The fiam&'r^ardant cable of this invention is not limited to the above embodiment, and various modifica- 
tions thereto can be made. For example, as shown in Fig. 2, the covering material can be combined with a 
tension member. As the means for amanging the tension member In the cable, a method can be adopted in 
30 which the tension member is interposed at the spinning or covering step and a covering layer is formed. 

in the foregoing embodiment, a single-core cable comprising one optical f iber2 covered with the covering 
material is illustrated. A two-core cable can be constructed by covering two optical fibere with the covering 
material 3, as shown In Fig. 3. 

According to another embodiment of the present Invention, there is provided a nmjitiple-core electric 
3B wire/optical fiber composite cabte 1 in which not only an optical fiber 2 but also a metallic electric wire core 5 
is covered, as shown in Fig. 4. 

According to still another embodiment of the present Invention, there is provided a cabte in which an optical 
fiber Is coated and covered with not only a flame-retardant covering material but also a layer 6 of a functional 
covering material, as shown in Fig. 5. 
40 One embodiment of the nrndti-layer flame-retardant plastic optical fiber cabte according to the present in- 
vention is illustrated in Fig. 8. 

Thefiame-retardant single-oore plasticflber cable 1 of this embodiment comprises one plasticopticai fiber 
2, an Inner layer 6 of a covering nmterial located on the side of the optical fiber core, and an outer layer 7 of 
a covering material. 

45 The covering material of the outer layer 7 used in the present invention is a highly flame-retardant chlor- 
inated polyethylene resin having an oxygen index (01) of at least 32, preferably chlorinated polyethylene having 
an oxygen Index of from 40 to 45. 

The covering material of the Inner layer 6 used in the present invention Is a highly fusible resin which te 
wetted on the surface of the opticai fiber when heated at a temperature h^herthan the softening point thereof, 

so preferably ddolnated polyethylene having an oxygen index (01) of from 25 through 36, especially preferably 
chlorinated pdyethylene having an oxygen index (01) of from 27 to 35. 

Thefiame-retardant cabte of the present invention is not limited to the foregoing embodiment, and various 
modifications thereto can be made. For example, the covering materials can be combined with a tension mem- 
ber 4, as in a rrxMiification shown in Fig. 7. As the means for arranging the tension member in the cable, a 

6S ntethod can be adopted inwhich the tension m mber Is interposed at th spinning oroovering step and covering 
layera are then fomned. 

The cable of the foregoing embodiment is a single-oore cable comprising one optlccd fiber 2oov red with 
a two-layer covering material. A modification can be ad pted in which a two-core calde is constructed by oov- 
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ering two optical fibers with two covering materials 6 and 7, as shown in Rg. 8. 

According to stili anoth r mbodinnentof th present invention, there to provided a multipl»-Gore electric 
wire/optical fib r composite cable. 

Afurther embodiment of the present Invention is illustrated in Fig. 10. According to this embodiment, a 
pluraiity of optical fibers eiB plac^ in parallel In the form of a bundle, and this optical fiber bundle 2 is covered 
with a covering layer ctf a flanre-retardant resin having an oxygen index (10) of at least 32. 

The preparation of the flame-retardant plastic optical fiber cable of this invention is aoo(^iIshed, for ex- 
ample, by preparing an optical fiber having a core/sheath structure, and covering a predetermined covering 
material on this cable by u^ng a cable covering machine to fonm a desired flame-retardant optical fiber cable. 

When samples of the flame-retardant plastic optical fiber cable according to the present invention as 
shown In Table 1 below were evaluated, it was found that the samples passed the vertical flame test VW-1 
according to UL-1060 of the UL (Underwritera Laboratories) Standards. 


Table 1 


Sample 1 

Plastic optical fiber i FMKA (SK-40, Mitsubishi 

Rayon Co. , Ltd. ] 
4 1.0 mm 

Covering layer t Chlorinated polyethylene having an 

oxygen index of 34 to 35, layer 
thickness of 0.6 mm 


Sample 2 

Plastic optical fiber: 
Inner covering layer: 


Outer covering layer; 


PMMA {SK-40, Mitsubishi 

Rayon Co . , Ltd . ) 

4 1*0 mm 
Chlorinated polyethylene 
having an oxygen index of 
28, layer thickness of 
0 /3 mm 

Chlorinated polyethylene 
having an oxygen index of 
44, layer thickness of 
0.3 mm 


Claims 


1. A flame-retardant optteal fibre cable (1) which comprises a plastic matsrial optical fibre (2) and at least 
one coverii^ material (3) covering the optlcat fibre, wherein the at least one covering maierlal is composed 
of a chlorinated polyethylene fiame-retaniant rssin having an xygan Index (Ol) of at least 3Z 

2. A flame-retardant cable (1 ) as set forth in dalm 1 , wherein the flame-relardant resin has an <&cygen Index 
(Ol)offrem40to45. 
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3. Aflame-retardant cabi which oompiisea a plastic optical f ibiB (2) and at leasttwo covering materials cov- 
ering theopttcal fibre In the lameIlarfonn,whePBmth oovering material ofth outerlay r(7)boomposed 
of a highly flame-retardant chlorinated polyethylene resin and the covering material of th inner layer (6) 
iscomposed of a h^My fusibi . chlorinated polyethylene resin which Is wetted on th surfiaceof theoptical 

5 fibre (2) at a temperature higher than the softening point thereof. 

4. A flame-retardant cable as set forth in daim 3, vvherein the highly flame-retardant, chlorinated polyeth^ 
lene resin has an oxygen index (Oi) of at least 32, prsfsrably from 40 to 45. 

5. Aflame-retardant cable as set forth in daim 3 or daim 4 wherein the highly f i»ible. chlorinated polyethy- 
lene resin has an oxygen Index (OI) of from 25 to 36. preferably from 27 to 35. 

6. A flame-retardant cable as set forth in any preceding daim. which is a single-core cable. 

7. A f iame>retanjant cable as set forth in any preceding daim. which is a multiple-core cabia 

fff 

8. A process of preparation of a flame-retardant plastic optical fibre according to any preceding daim using 
a cable oovering machine to cover an optical fibre having a core/sheath structure, with the covering mar 
terial. 

20 9. Use of a chlorinated polyethylene flame-retardant resin having an oxygen index (OI) of at least 32 as a 
sheath (3) on a plastic optical fibre (2) to substantially prevent loss of transparency of the optical fibre 
overtime. 


23 PatentansprQche 

1. Rammhemmendes optisches Fasericabel (1) mit einer optischen Faser (2) aus elnem Kunststoffmaterial 
und rrdndestens einem HQIimateilal (3), welches die optische Faser bededct, worin das mindestens eine 
Hullmaterial aus elnem chlorierten flammhemmenden Poiyethylenharz nrdt einem Sauerstoffindex (01) 

30 von minde^ns 32 gebildet ist 

2. Flammhemmendes Kabd (1) nach Anspruch 1. worin das f lammhemmende Harz einen Sauerstoffindex 
(Oi) von 40 bis 45 besitzt 

3^ 3. Fl amm he mm endes Kabel mit einer optischen Faser (2) aus Kunststoff und mindestens zwal IHGilmateria- 
llen, weiche die optische Faser schichtfQrmig bedecken, worin das Hullmaterial der dufieren Schicht (7) 
aus elnem stark flammhemmenden chlorierten Poiyethylenharz und das Hullmaterial der Inneren Schicht 
(6) aus einem hochschmeizanden, chlorierten Poiyethylenharz, welches die Oberflflche der optischen Fa- 
ser (2) bei einer Temperetur oberhaib des Erwelchungspunkts benetzt, aufigebaut sind. 

40 

4. Flammhemmendes Kabel nach Anspruch 3, worin das starkflammhemmende, chtorierte Poiyethylenharz 
einen Saueretoff index (01) von mindestens 32. vorzugsweise von 40 bis 45, besitzL 

5. Flammhemmendes Kabel nach Anspruch 3 Oder 4. worin d^ hochschmelzende. cHorierte Poiyethylen- 
harz einen Sauerstoffindex (01) von 25 bis 36, vorzugswelse von 27 bis 35. besitzt 

4S 

6. Fl amm he m mendes Kabel nach einem der vorhergehenden Anspruche, welches ein Einzelkernkabel ist 

7. Flammhemmendes Kabel nach elnem der vorhergehenden AnsprOche. welches ein Mehrfachkernkabel 
Ist 

so 

3. Verfahren zur Herstellung eines flammhemmenden optischen Faserkabels nach elnem der vorhergehen- 
den Anspruche, unter Anwendur^ einer Kabelhuiivonichtung zur Bedeckung einer optischen Faser mit 
einer Kem/Mantel-Struktur mit dem HQllmaterial. 

^ 9. Verwendung eines flammh mmend n chtorierten Pdyethylenharzas mit inem Sauerstoffindex (OI) von 
mindestens 32 alaHaile (3) auf in roptisch n Faser (2) aus Kunststoff zurweifgehendenVsrhlnderung 
des Transparenzverlusts d r opti»^an Faser im Viarlaufa der Zeit 
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R«v ndlcatlone 

1. Cdble ft fibre optiqu ignifug (1) qui oomprend une fibre optiqu enmattriau piastique(2)etaumoins 
un mat^riau d rev§lBfnent (3) recouvrant la fibre optique. dans lequel le mafe6rfau de revdtement, au 
moins unique, est oompos6 tfune rteine ignifuge de poly6thyi^ chlor6 ayant un Indice d'oxygftne (10) 
d'au nnoins 32. 

2. Cdble ignifuge (1) selon ia ravendication 1, dans teqiml la rdsina Ignifuge a un indlce d'oxygtee (10) 
Gompris entre 40 et 45. 

3. Cdble ignifuge qui oomprend une fibre optique en plague (2) et au moins deux mat^riaux de revdiement 
recouvrant la fibre optique en forme lameliatre, dans lequel le mat^au de rev6tement de ia oouche ex- 
t6rleure (7) est oompos6 d'une r^lne de polyethylene ch!or6 hautement Ignifuge et ie mat^rlau de revd- 
tement de la couche int^rleure (6) est compos6 d'une r6slne de polyethylene chior6 hautement fusible 
qui mouifle la surface de la fibre optique (2) d une temperature superieure d son point de ramoliissement 

4. Cdble ignifuge selon la revendlcatlon 3, dans lequel la reslne de polyethylene chlore hautement ignifuge 
a un Indice d'oxygene (10) d'au moins 32, de preference oompris entre 40 et 45. 

5. Cdble ignifuge salon la revandicatlon 3 ou 4, dans laqual la re&lne de polyethytena chlore hautement fu- 
siMe a un Indice d'oxygdne (10) oompris entre 25 et 36, de ptmrnnca entre 27 et 35. 

6. Cdble Ignifuge selon Tune queloonque des revendications prftcedentes, qui est un cdble d dme simple. 

7. Cdble Ign if uge selon Tune queloonque des revendications precedentes. qui est un cdble d dmes multiples. 

8. Precede de prdparetion d'une fibre optique en plastique ignifuge selon Tune queloonque des revendica- 
tions precedentes, utiiisant une machine de navdtement de cdUe pour recouvrir une fibre optique presen* 
tant une structure dme/gaina avac la matdrfau de revdtement 

^ 9. UtIlisaUon d'une reslne ^nifuge de polyethylene chlore ayant un indtee d'cncygdne (lO) d'au moins 32 
comma gaine (3) sur une fibre optique en plastique (2) pour empdcher essentieliement la parte de trans- 
parence da la fibre optique dans le tamps. 
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Fig. 1 Fig. 2 
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Fig. 6 Fig. 7 
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